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57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
nagnetoresistance effect film and a magnetoresistance 
ffect head which can lower a ordering temperature of 
in antiferromagnetic layer and generate bonding with 
:xchange as low a heat treatment temperature (e.g. 250"^ 
Z or lower) as possible so as not to adversely affect the 
pin valve film characteristics (e.g. MR ratio). 
JOLUTION: In a magnetoresistance effect film 2 of a 
pin valve type, a face of an antiferromagnetic layer 50 
>pposite to a face in touch with a ferromagnetic layer 40 
s provided with an antiferromagnetization promote layer 
9. The antiferromagnetic layer 50 is formed of a 
:ompound containing Mn and having an ordered crystal 
tructure of a CuAu-I type. In order to generate bonding 
vith exchange interaction with the ferromagnetic layer 
^0, the antiferromagnetic layer is given a characteristic 
hat requires a heat treatment. Moreover, the 
tntifeirromagnetic layer 50 after the heat treatment is 
)rientated in a (1 1 1) crystal orientation face. The ratio 
.p/La of the lattice constant Lp within a closest-packed 
ace of the antiferromagnetization promote layer 19 to the lattice constant La within the (1 1 \) crystal 
orientation face of the antiferromagnetic layer 50 is in a range of 0.9- 1 . 1 . , 
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(rroii^. Lp = 2. 7 2 A). ttDH#l;lio^^-c, L 

p/Lait^J. 0. 9~1. iro®lll^i:V^5S{+^^ 
fcUr.v^So ±f27c^<^f-C% <};!3»*L.v^«-i|EK4. P 

t,. Pd, Rh*3<tt;Re f*)l9., tV> 
#l|sfl4. P t, P d-C&So SSSfiSttfCT'n^- hl i 
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T(t. ^Jx.«. PtRh, N i Rh7i^*;05^tf r 

[0 0 5 1 ] :i<DXo^J:R^^^ity'^'^-hmi 9(D 
if ^ ft. 0. l-^l Onm. ^if*L<lll'-l Onm. 
i:«9»*L'<ft. 2~5nmi:^n5o ^(DUr^O, 1 

o ;d 5 5 i: V ^ 5 ^ IP ;6 5 ^ o 
[0 0 5 2] (2) S3fi^ttl5 0tLT. NiMn^ 

R^m^m 50 t LTfflV^^>i^^)N i Mnc^ffi^W^ 

5o ' 

[0 0 5 3] K?Se£tta 50 t LX\ N i Mn $rffil/>/c 
SS^^tt^kyn^-hSl gti. Ir, Pd, P 
t, Rh, Ru, Re^kXJ^O s(D^f)^bm'&^f\^fz{P 

[ 0 0 5 4 1, i 5 {cm^^tifzR^mmt^^^- 

^R^m\^m<D (111) ^fBBefR]ffif^co;fei^g»Lp 

(rco^. Lp==2. 5 7 A) t<DMff>t-*3V^-C. L 

p/Latt:;^!^ 0. 9-1. 1 co^lfflf^ <!: v> 9 S{4^$:« 

Rh, PdTfo^o K^mmt^^'^-hmi 9\t 

tt. 0yx.lf. PtRh, N i Rh/^<!f;65^tf rtt 
e^cotf^Tii. Iti;:. PtRh;dW*bv\ 
[0 0 5 5] r.coJ:^?iS5S^tt^byn^- Ml 9(0 

ff^ti. ±is (1) (Dm-^tmmc. o. i-ion 

m. »*Kftl'-l Onm. X^»^L<\t. 2-5 
nm^^tl^o r(Djfi;6>0. 1*^^?S^^. R^M^ 

L*5o rcOijI;!)U 0 nm$rfix.Tgi?:;OW< ?i 

RSS^tt^kT'n^- h^l 9(DmaSK/i5 

[0 0 5 61 S3S^ti^5 0<7)Jl$tt. 5~10 0n 
m, t<«5~8 0 nm. i I9if* L< Ii5~5 0 
nm. XiCiijF*L<(i5~3 0 nm<0«JHi:-t-5(7?;6SJ: 
S3S^ttg5 0(^)?$*S. 5 nmit9^</<C?)tiSS 
gli^-^^^Hua^yn ydrVi/^i^T b /45A8^:(e:/J^$ < 



[0 0 5 7] 3SHKttl4 0l*. Fe, Ni, Co, M 
n, Cr, Dy, Er, Nd, Tb, Tm, Ce, Gd 

UK (C N i ) , F e i_„ (fcfcL, II 

fiT-0. 4^z^l. 0, 0. Sgw^l. 0T*fo5) 

(0 0 5 8] ::<©J;5*3S^14®4 oroJl^fi. i. 6 

~10nm. <tl9i5-*L<{4. 2~6nmi:$ix5o - 
(Offid^ 1. 6 nm^Jit/i-St, ^ttSt tT(7)i|ttt 
iS^fonSo r<0-*-C, r<DMdS 1 0 nm^rigtS 

[00 5 9] no i 5 4 0 tt±a!wrt <S 

Mam, f^#ictt^®i?gtBi:f^ffl;j5|git. ^i8ttS4o 
2 0 (i. f^m^h<D^^-mm\cx ^ . ^^K^cnmit^ 

lHlte$-&5:ii:;4S-c#5, ^:(Die*/*fc«ttg2 0i:3fi 
[0 0 60] ^JKttS 2 0 14, ^m'&.mi^m-fF e . 

ti?)„ mmim 2 0 ?&Ti2(c*-r<t 5 2Sfli^(c-r5 

(N i , F e ) y C q ^.^ (fcff MtV ' 
0. 7^x^0. 9;0."5^y$i. 0) -^mp^H 

•r-So rroipT^cif^t-r'Srti^it)., Co y -y^/i 
(DW^mitmma^b^m^^mm 3 o w-i: n i rofems: 
tti (Dmamti sr*i ± ^ 5 1 m r ^^t^^j 

[0 06 1 ] :i<oj;5''iliceit$g2 0(OJ|:$ii. 2~.i 

Sntn, if4U<l4, 3~15nm, $ ib U < 

14, 5~ 1 5 nmi $^^2)o 2nm*^i:/i 
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[0 0 6 2] :L(Di.0f£m&'&M2 0hm'^mm'&mA 

#:6^(>:fl, Au, Ag, ioX.XJ-Cun'^t^hMiiixfz'P 

0 w t %^±^tf-a-^l?;iS^(f e>ti5o 
[0 0 6 3] r<Di 5^<f*»tt^jSl3 OWlf^fi. 
1. 5~4 nm-CfcSr t;iS$f*L.V\ ::cO|t*Sl. 5 

^ttS 2 0 4 0 t <d;^ fc° vdJ^r^x^ttairH 

;i5 4 n i . ±T(-^S-t 2 0 i ?li 

[0064] 8 0 tt, iiS. ^^T'n -fe^cOiiS 

CD/cfelCJi^/S^tlSo iSSSSOli, Ti, Ta, W, 
Cr, Hf, Zr, Z n^roWW^^fsJ^^^tl^So 11$ 

3~3 0 nmggi^tL?), 
[0 0 6 5] *«1 5tt. ^y:^. ^^m. MgO, G 
a A s . 7x.y4 T/WT'-f ^/^x C a T i O3 

m{cx'iomis.^ni>o m^a. o. 5~iom 

[00 6 6] T^l 1 7 te, T a , H f , T i , C r , 
Z r,' J;t)$f*L<C±Ta, Hf, Ti, Z i (D^Wt^ 
m^it^ l~20nm, ifSL<ttl~ 
10nm< $ ?>tc:'$f*;L< (4, 1 ~ 5 n mi: $tl-S„ ^ 

[0067]rw<t5 '^iTi^S 1 7 irMIES^SlKtt^l:^ 
n*-hJil9i: iUiaS^^ttg sot coM^-a-*3-tir(c 
J; •? , 3?^*S^BS»co?ajf1$tt^5A^f i: f£^o ■tf£t> 

-&7tl©-^ic, -^y hlMMii. 1 0 o~i 5 ot:saic± 

(WT. !^!lmasi:v^5) -(DW}^m.mcid 

[00 6 8] «-lcO|ja2iU?lJ»Sr±l2<Dj; 5 



Hk*2~2 00e. i iJiif* t< (42~ 1 60e, i|#{r2 
~ 1 0 OeW--^1-5 ;i t 
[00 6 9] ft^ttS CDM^tt^lfH k AS 2 Oe*ffi 1 1£ 

LfcEi»&<)'tM R^m^mi^mmmc'^htifi: < s fc 

MR*^ i: LT(73ii#tt>i5^Mb-r5„ *fc2 00ej;t) 
COHkil. :^1-lfBBS»i: LTfife^B#(Cl 0-3 0 OOeOa 

#^fnjp-f 5r i:T-#ibtt5„ ^ummt^i ooeiikTx 

i4HkSr^e-r5(OtC+^-CI47iV>L. 3 0 OOe 

[0 0 7 0] ±3f L-CtfcS514^S]Ki ^^tl^timo 

<Ktt#S!ico^»^55»v^fJifSi'V Lil)^tm<^l 
-5tiit> MRg!)*l4lll^(C/h$</i-c.TL4 5?J^ * 

1 «^T-fc+:»llffl i^Bx: ^ 5 #m€r#5 r i: >45-C 

tm'f-^i^co^mmK tj:*)-r€xmm±.(r)^^i'^±z 

•Srt^^b. iii-^ n^l OJilTi:,-r5<7)d5Jf*LV\ 
n<OiifSLV^|£llHl~5T?&5o ■ 
[00 7 1] *fllSfiStt#)i^ {(D^moimi. y^y<-y 

]itin.2X 1 O'^f o r r jy.T, ^f* t< (4 8.X 1 0 
Torr^T, $ib(-»*C<ft2X 1 0"'° To 

[0 0 7 21 mm^ti2X 1 0-^To r r jjjlTi:V^"5® 
HI4, lSKcDi^±i:v^5S^-4^6, iJaHSHT 

V^/^V>«S|ffl(Dt(^T•fc5„ PM/E^I 2 X 1 0"®T q r r 

iy~ji^u^^i--<x^m:ff^^y hti-6tt^ mm^ 
1 o-^T o r T £ktx(^mm^^m^i!ii^^f£W^-^^>y^ 

Sr^ffif 5 r i: ;6S£>i|-Cfe2), 
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[0 0 7 3] *fc. :^y<'y^ V yy-V^^^hil?)^-'y 

1~6 0 OE^-p pm, ^ff*L< I41~5 0 OJS 
^ppm, i'9if*U<ttl~3 0 0KT-ppmlC^S 

mA^fi?>:^^<y :tf^'p(D^Pi<^ m^\t. Hg O. 
CO2 . He^) (D^AO-^n^t. 0. l~10 0il^- 
ppb,iJ*L<f4. 0. 1~5 OJH^-p p b. 
if*L.<(40. 1~1 Olgl^p p b. Sfc^tlcS^* U 

lJLJ?'i-< 4 OlS^p p biJCT, »*L<(* 1 OJS^p 
phSkT. Slbtc»*t<{i5ISi^p p bi^TtcK^-t 

^mmu\H(ommm:t]\-i^ mm. 1 x 1 o-*~ 1 x 1 0 

-^T o r r (C^^^tb?>„ 
[0 0 7 4] *|gW(C*i(t5att#lK 1 CO#g(DfiK« 

[0 0 7 5] ss'i 5 f b-C(4. waCfcJ;5i-;«/7 

MgO, GaAs. yzz-y-fh. T/Ux-f 
s/^, CaTiOg ^^fflV^5r<l:^S-e#5, figMlClg 

<D-:^(^lil 0~3 0 00e(O^§P^^S:M-r5r 
[0 0 7 6] H^ili Ufc i 5 1-, '>'i< i tl^^tt 

[00 7 7] $ s3S®:teJi 5 0 ^^m-r?>mc 

a. 2 0 |^wPPAD««w;^r6] t Sit 

§(41 o~3 0 GOeW^Hfcfctiliiv^ r 
^BSttS4 ocDiB{i:o*iRi255?i^(ifn;^DSSi©*[R] (au« 



5o~3oo'c. mc2 0 o°cu&<Dmf^mino^ 

[0 0 7 8] ttz. 3ts^BJ«::*3V^Tfi, fflv>5S3Satt 

sssjKtti 5 0 i 3Si^K^4S 4 0 1 (D^Wkf^-^n± c 
mumm^(Dmm^§.m^it-<xmibx&<^iEx^ 

5„ ^J;t«, 2 5 0tJJ;lTx 2 2 0~2 5 0'C(7) 

it^(m Ratio) (Di^it\tm)^X'P^i:\/\ 

[0 0 7 9] El 4 (c(4, mm&^^^m(Dm<ommmm 
i2i4{c,i^$tt-5^^iga3a)«M4 
mm^m 2 (istt^sji 1 ) t s^j; 5 Att. s« 1. 5 i 

1 9 t^m<OTmm 1.7>#.B& 

[0 0 8 0] ±B(Dmm(om^xmf^ ufc. att^iK 

[0 0 8 1 ] tJiT. mn.m.tn^^m2 m i ) ^js^is 
m^^m^y hicmMLfcm^mifxum-ri>o ^^mm 

\zisn^f&nm.m.^^m-^y V (UR-^y V) t tx 

uizm%m.^^M (GMR) sr^-r<Ki4#®Ji^«i' 

[ d 0 8.2 ] '^T. m%n!ffL^^m^y K (MR-^s/ ' 
K) i LX;^ K^S!3 *(f XlftBJ-rS, . 

[0 08 3] US {c:^ $tb2>.<fc 0 \m%^^^^m^ y 
K (MR-^s/K) isott, is^mmi^Bt^it^o 
!Stmn^ t x^xnmwimwM 26 ot. nm^ik 

ifi^^m2 0 0<Dm^^2 0 0 a, 2 0 0 a \zmi$.^tl 
tcmMUlOO, 1 0 0 t Sr^LXV^So ^tX. gSiK 
^^t\.X<Dmmmji^^m2 0 0(D^U2 0 0 a, 2 
0 0 a ^(D^mti±i^7imMU 1 0 0 , 1 0 0 
1-?)«S8X^i^$tlXV>5rt^5^*LV\ /j:*3. ^fls 
^1 2 0, 1 2 0 {4. StilESISgP 1 0 0 , 1 0 0 Sr^ t 
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[0 0 8 4] MR^y h'lCioi'f ^^mU^ t LX<DmU 

^^^^mnm.in.^^m2 tmwm^cmmf£mmmm<D 

0 tt. ^m\t^mm sot. ^m^^mm 3 o ©-:^<7) 
ffi{cj^)^$ttfc3Sfi$tti 40 1. ^m^^mm 3 o ro^ 
*(oElcfl^^$^^fc^^c^K^4s 2 o mti^m\im4 0 

tt^jsf 3 0 tmt^^tR)ttm(^m\cm^^titzR?fs. 
m\tm sot, ^(OR^m\tm 5 0 £0?siKttJi 4 0 tg? 

[ 0 0 8 5 1 a^ig^^*]^ 2 0 0 (4, 

jgst^fk t tt, ^m^^mm sot. ^m^^mm 3 0 
(D-:^(Dmimi$.^iitc^m^m4o t. $^m^^mm 
3 ocoffi^coffidj^^^nfcec^tts 2 0 gfriEsaa 

lis 4 0(D«fli(7?l^trSrt°v±*-r5/c«>(-3S^&g<O 

*3V>-C, ^g»©{t-^e#d5 0 cOBf tdS^attS 2 0 t 
±*^ixfc3S^ttS4 ow;^^^^^^^:^!*:*^ 

Oo IIKSI44 5~9 0S<OA^■efc2)rt/!l5^V^;!)^ # 

V\ (MRft^) i)\ ^W»>45 0O 

[0 0 8 6] ^(Dmtn^^it^mitcitK. mm^m 

^» z(Dm.^itmmm<Dm. K^mitm5 0(Dmt^\^ 
m\ts 2 0 (Dmmm%m:>7f^mm^-r?>sMi: *) 

v^:ii;05StUv\ i|>:igttS2 0<D^i»lK^M;^(6]tt;js 

t:^y'Vi^^^noxLt.\'^mmmcmmi>^t^, m 



[0 0 8 7] ±a^Lfc<t5l-S3tlKtta5 

o\cmLxii^'S.(DUKii^btj:^R^umtyr2^- hm 

m<^\iX»,?>MRmtm(m Ratio) W*Mk«^l*T'>'JC 

[0 0 88] H 5 (c^StuS i 5 icm^MijiS^^m^y 
K (MR-- 5/ K) 1 5 0(C|4, eS^1gfei:3a*IK2 0 0*J 
XXJ^WMUi 0 0, 1 0 o^±Tl-l4§tf<t ?^-^^->'^ 
Kl 3 0 0, 3 0 0;!i5jgfiK$ttS 1 1 fcJi, a^SS^ 
2 0 0 t V-z-V- 3 0 0 , 3 0 0 tnmnn^iC 

\t^m\t^mm 400 ;65ji^fiK$ix5o 

[0 0 8 9] ^ZXmmU^t LTro<K«S$t^*K2 
0 Oliffl^^p5^^53i^^±S4 0, #P83itt^Jg« 3 o /fc 

BSttS 2 0 , shafts 5 0. tJ i U^S^^tt^bT" n ^ 
t CO t l^^roWW, W $ W t CD Srffl V ^ 5 r i ^m^. 
[0 0 90] EI 5 (C/T^l-J: 5 ic. mgK5r«-t-«Slfi5 10 

0^^^fifeiS»)^]K2 0 0<Dmm±\^\Ci<DtSU2 p 0 

a, 2 00 a^<*:*5^-rs«3ti:i-5, -rst; a^i4 

ec«ttS 2 0 i:3S«t4S4 0 \cm'^ixtzU^i'^'b\m 

noo, ©cattS 2 0 t ^^ttS 4 0t(D^ fy<D*|S] 

ittLX^iii-ti^ti)iX'^'^<nX'h?>o 
[0 0 9 1 ],*fc. *jS^§Nco;^t°v/Vi':/^Sr{ix;5 
MR^^y KI4, m6Km$jln.i>i:^f£^y Kfllittl-?) 
ri:;iS!Rf(c»*UV^„ «Sl5^f 

^^;f:K2 0 0 tmtmmtm-rtzib(omm^i oot 
(omiz. la^T^ror'i < m^^^^^m2 o o»^e,ig^ 
ffl$>:ai4S 5 2 0 *3 ± u^s^i^ttS 8 0 0 ( /^e V ^ um 

JKttSSOO) $r)i2>:^« LA^t. ilSSffl^eS 
ttl 5 2 0*3j;u?S5SS£ttl8 0 0 L-fiSHlttg 
8 0 0) <0-*jffi{|iJ}4. B$^ffiK$!)«M2 0 0(D±|fB2 

0 0a (^fc^K^4®^ci£^^*[6]) (D-n^^m oXok. 

*^o|tb,*-«{|iJ(4ll^CD r t < «^lfl5 1 0 0 Tffi 1 0 1 
t?«t)iiA/-ejgfi!c$n5, a^fgjSl 0 Oc^---;/ 

K^*ttiJIC-(Sai-5ffi$l51 0 214. BSgtSfii^«fflE2 0^ 
0<D±gC20 0 a (tteSi4g[Cjav^;&[R)) (D-SP5^5rS 
v\ aigfflftatt® 5 2 0 43 it/S^Klie 8 0 

0<D±mkn5 2 0 a, 8 0 0 a 
(cj^^^tlSo ^rf:*3.'i«*Sffll>:attS5 2 0 tt-C(4, 
{«Jx.fi, .N> F e, NiFeCr, NiPeRh, Ni 
F e R u , C o Z r N b ,. F e A 1 S i , F e Z r 
(JP$ 1 0 nmSa) 7)Sfflv\ibtV, S^<Stta8 oot 
fCI4. Rug RhigMn, NiMn, FeMn, Pt 
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Mn, a-F 62 O3 ^ 5 0 nmS^) dJfflV^P) 

mm^S soot LXit. C o P t , C o P t C r 

[0 0 9 2] z(Di.of£mii^t-r?>^tici:>)s m^m. 
m,^mm2 0 o{cm]^^ti^mB^^m\kM5 2 o*3<t 

icSE/^'f T ;^ §r#4i- ■5 r t ds-c t , /^/l^ ^ -if y 
§15 1. 0 0 coffiSB 1 0 2 sfriEto i 0 icK^fift^SM 
g|5T-(0{t-^iK»W{g;T*5;^i< > L-;*^*. 1 n mSXroX 5 

So 

[0 0 9 3] 

[00 94] im^mjj Dc-^^^v^y^^-^-y^ V 

y^mmim^\ ;<f7;^S«i 5<d±(ct*Si 7 (T 

a ; m$5nm) . KSS^ttfbT'n^- M 1 9 
5nm) \ fVih^St LTcDS5Sfi^ttl5 0 (PtM 
n ; $ 3 0 nm) . 3S^ttg4 0 (C o ; ff^ 1 0 n 
m) . »SIS8 0 (Ta iff^'shm) ^li^Jc^lb 

P tMnli. Mn = 49a t%t Lit„ 
[0 0 9 51 S3iai4<k7°o^- TIE* 

f^SLfco «1>I'. LafiS^atSasO (PtMn) 

(D (111) JfefsEl^ffirtco^^JtlS (*eA) 

t), Lpf4K!a^tt^b7'n*- hgl 9coft«Ert<0*& 

[0 0 9 61 f-VT'/W^iSm, TI5«l(^^§tl?>a* 



-r;i^Srj9J!£U. S3Sa^4S 5 OW^SSKlSjBSr^i^U 
[0 0 9 71 ■ ( 1 ) ^^^■^\CX6^^m-^m^Hnai5 

[0 0 981 ^^B-^^^^^^- J k {4. J k =Ms • 
Hua- d (D^i.'0 9^m^iX. :^r-e. Ms l43S^ttM 

fh^mmiim\^mcuntmmi:m^tzm^. j.k coffi 

;!)5;k:#V>(Ji:'v'7 h-t-5aSHua/65;>C^< MR--' 

[00991 (2) ^ga^ttM 5 0 (D^aSaiRlg 

K3*^tt®5 OO^AiBl^ffi^fllKbfc. *:^I^T' 
II, (111) ^fBEf^BlcBBli] L.T^^S r t dSik^g-t?' 

X^yn^r-T/K^Sy^^^r- h'^-^sJ^rHl 0 
{c^-fo mo o^d-efi, H^^ttS t LT p t.M n 
Sr, hg t LTP t ^fflV^TV^S. 

HI Ot::*Dl/>-C, 2 6 = 4 Ode 

g.ia^T?t°-^3Sa*5<lJi!)-C::^t</io-C*3U. (11 

[ 0 1 0 0 1 *SmSrTI2^ 1 \C^to 

[0 1 0 1 1 

[«ll 
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m 1 im^mnm : p t m n aa 72A) ) 







S * tt 






hm 


Jk 








Ip/La 




(Oe) 


(org/cm') 




(1C) 


Chour) 












220 


5 


— 




148 


0.174 




250 


5 


— 




188 


0. 232 




2S0 


5 






283 


0 332 




220 


5 


1.02 


(111) 


206 


0. 245 


p t 


250 


5 


1.02 


(111) 


256 


0.301 


ap= 2. 77 A) 


280 


5 


1.02 


(111) 


306 


0. 360 




220 


5 


1.01 


(111) 


201 


0. 237 


P d 


250 


5 


1.01 


(111) 


253 


0. 298 


(Lp= 2.75A) 


280 


5 


1. 01 


(111) 


302 


0. 355 




220 


5 


1.00 


(111) 


177 


0. 209 


1 r 


250 


5 


1.00 


(111) 


243 


0. 286 


(Lp= 2. 71 A) 


280 


5 


1.00 


(111) 


290 


0.341 




220 


5 


0. 39 


(111) 


195 


0. 230 


R h 


250 


5 


0. 99 


(lit) 


248 


0. 289 


(Lp= Z.68A) 


280 


5 


0. 99 


(111) 


266 


0. 312 




220 


5 


1-01 


(111) 


189 


0. 223 


Re 


250 


5 


1.01 


(111) 


237 


0. 279 


(U»= 2. 73 A) 


280 


5 


1.01 


(111) 


299 


0. 351 




220 


5 


0, 97 


(111) 


176 


0. 207 


R g 


250 


5 


0- 97 


(111) 


217 


0. 256 


CLp= 2. B4A) 


280 


5 


0. 97 


(111) 


285 


0. 335 




220 


5 


a 98 


(111) 


171 


0.201 


0 i 


250 


5 


0. 98 


(111) 


225 


0. 265 


a-p= 2.67A) 


260 


5 


0.98 


(111) 


256 


0. 301 




220 


5 


1.01 


(111) 


203 


0. 239 


PtRh 


250 


5 


1.01 


(111) 


250 


0. 204 


U-p= Z. 1 4 A ; 


ZoD 


c 
0 


1.01 


(111) 




U. 600 




220 


5 


0.94 


( 1 t 1 ) 


168 


0.198 


Cu 


250 


5 


0.94 


(111) 


242 


0. 285 


ft fl CC A \ 


ZdQ 




0.94 


(111) 


Z»4 








: P t Mn 


<La =2. 72 A) ) 










3 * » 






Hua 














(Co) 


(org/cm') 




(■C) 


(hour) 












220 


5 


1.06 




175 


0. 206 


Ag 


250 


5 


1.06 




235 


0. 276 


<U>= 2. 88 A) 


280 


5 


1.06 




280 


0. 329 




220 


5 


1.06 




177 


0. 208 


A u 


250 


5 


1.06 




217 


0. 255 


(Lp» 2. 88 A) 


280 


5 


1.06 




2S5 


0. 335 




220 


S 


1.05 




163 


0J92 


A 1 


250 


5 


1.05 




226 


0. 266 


(Lp« 2. 86 A) 


2B0 


5 


1.05 




263 


0. 309 




220 


5 


1.15 




150 


0. 176 


H f 


250 


5 


1.15 




205 


d.241> 


<Lp=3. UA) 


280 


5 


1.15 




272 


0.320 




220 


5 


0. 92 




145 


O-I71; 


C r 


250 


5 


0. 92 




196 


0. 231 


ap« 2. 49 A) 


260 


5 


0. 92 




264 


0.311 



atew) 220 5 

Z r 250 5 

(Lp= S.ieA) 280 5 



1.16 Eft^L 151 0.178 

1.16 E|fiI«cU 193 0.227 

1.16 ElSKtL 252 0.296- 

4e r g/cm^ Srffix.. misbXmMc^^^^^\^X 
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±CDXgi^•&^4;^^df-;45#P)^^5Pd, PtRh, R 
0. 2 e r g/cm=' £A±i:-r5<^li. ^-7 Kt LTT 

[0102] m^Ml 1 ] DC-^j^4^ ha:x;^Xy^ 

(Ta ; 5 nm) . R^mmt^u^- Hi 9 
(Ji:$5nm) , t''>-±*litT<DSa^ttl5 0 
(N iMn ;Jf;$3 0nm) . 3^^1414 0 (C o ; J¥ 
$ 1 0 n m) . i^mm 8 0 (T a ; 5 n m) ^)®?>: 

5 OWN i MnH, Mn = 5 5 a t %t Lfco 

[0103] s^^attikT'n^- hmmmit. Tum 



SL-fc, Slf. La(iS3ti8Sttl5 0 (NjMn)O 

(1 1 1) f^^sii^mr^^o^^^m (*&A) -cfeij. 

L p ttSSi^tt^Cyn^- K® 1 9 »*«!ffirtcO*&i=-^ 
[0 10 4] i^yT^/w-f^Sim, TiS«2(C^$n5a* 

[0105] igm^rTiss 2 ^c^•fo 

[0106] 
[^2] 



S 2 : N i M n (U <^Z. S7A) ) 







S ^ # 


U/La 




Hua 
COo) 




(X) 


(hour) 


Cerg/cra') 




220 


5 






130 


0.153 




250 


5 






170 


0. 200 




280 


5 






191 


0. 225 




220 


5 


1.08 




173 


0. 203 


P t 


250 


5 


1.08 




205 


0. 241 


(Lp= 2. 77 A) 


280 


5 


1.08 




240 


0. 262 




220 


5 


1.07 




leo 


0.212 


Pd 


250 


5 


1.07 




211 


0. 248 


(41= 2. 76 A) 


280 


5 


1.07 




236 


Q. 278 




220 


5 


1.05 




180 


0. 212 


1 r 


250 


5 


1.05 




199 


0. 234 


(Lp= 2. 71 A) 


280 


5 


1-05 




222 


0. 261 




220 


5 


1.05 




192 


0. 226 


R h 


250 


5 


1-05 




211 


0. 248 


(U= 2- 68 A) 


280 


5 


1.05 




. 250 


0. 294 




220 


5 


1.06 




163 


0.192 


R e 


250 


5 


1.06 




164 


0.216 


{U)= 2. 73 A) 


280 


5 


1.06 




200 


0.235 




220 


5 


1.03 




165 


0-194 


R u 


250 


5 


1.03 




180- 


0.212 


(Lp- 2. 64 A) 


280 


5 


1.03 




199 


0. 234 




220 


5 


1.04 




169 


0.199 


0 s 


250 


5 


1.04 




190 


0. 223 


(Lp» 2, 67 A) 


260 


5 


1.04 




203 


0. 239 




220 


5 


1.07 




174 


0. 205 


PtRh 


250 


5 


1.07 




20S 


0. 242 


ap= t74A) 


2BD 


5 


1.07 




233 


0. 274 
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£ (m^mtm : N i M n (La =2. 57A) ) 



y ~ r rat 




M ^ ^ 


LD/La 


mm 


Hua 
(Oo) 


Jk 


(X) 


(hour) 


(erg/cm*) 






5 


1.12 


(111) 


157 


0.1B5 


A g 




c 

J 


1. 12 


(111) 


190 


0. 223 


(Lp- 2. 88 A) 


2B0 


5 


1J2 


(111) 


212 


0.249 




wo 


c 


1. 12 


(111) 


145 


0.171 


A u 




R 
u 


1. 12 


(111) 


194 


0. 228 


(i4)» 2. 88 A) 


280 


5 


1*12 


(111) 


208 


0. 245 




220 


5 


1.11 


(111) 


142 


0.187 


A 1 


250 


5 


Ml 


(Ml) 


185 


0. 218 


(Lp- 2.B6A) 


280 


5 


1.11 


(Ml) 


201 


0. 236 




220 


5 


0. 97 




129 


0.152 


C r 


250 


5 


0. 97 




165 


0.194 


(L4S= 2. 49 A) 


280 


5 


0.97 




200 


0.235 




220 


5 


1.23 




135 


0.159 


Z r 


250 


5 


1.23 




178 


0. 209 


(Lp= 3.15A) 


280 


5 


1.23 




199 


0. 234 



k li, 0. 1 9 e r g/cm^ iJJ^±<7?ffii:7'<eoTV'>5r 

2 2 e r g/cm^ fii«)Tffiixfc^!j*5r^mL 
X^^i,:Lti!)'^i:>i^^o ^k^/^X. 0. 21erg/cm^ 

0. 20erg/cm^ Ujl±cD^g||g-g-3i;^;/l^df-d5# 
fjttSPtRh, P td^t'iSSSfi^iS'fbT'o^- 

[01071 c n^wi I n ±t&mmm i # 

m^Pt, Pd, PtPh, Ph(CO^^T, f^W-OBm 



17 (Ta ;i?§5 nm) , S3S<8tt{fc:7°n ^- Ml 
9, fyjhfeSi: L-TC0S3*8SttS5 0 (PtMn;Jl 
$3 0nm) . 5S^tt®4d (C o ; 1 0 n m) , 
%mm^ 0 (T a : W$ 5 n m) 5r)®ii>:«l LT, ^i'^ 

[0 1.0 8] k3Sptt^t;7°n%- vmnms^ioX.x^m9- 

[0 10 9] f-:/:^^wf^S{mv 2 2 ot:-5B#F,8(Dfij!!i 

[Olio] ^ft^TIE^ 3 iC^-To 

[0 1 1 1 1 

[*3] 
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& 3 (Siia^fl : P tMn) 



ya^-hl l9S(r»ii) (Oe) (erg/cm' ) 





A 
U 


1 Aft 


U. I l*f 


p t 


4 

1 


one 


n 0A^ 
U. £41 




5 


206 


0. 245 




10 


210 


0. 247 




U 




n i7i 


P d 


1 


200 


0. 235 




5 


201 


0. 237 




10 


205 


0. 241 




0 


148 


0.174 


PtRh 


1 


195 


0. 230 




5 


203 


0. 239 




10 


208 


0. 245 




0 


148 


0.174 


R h 


1 


193 


0. 227 



5 

10 



195 
200 



0.230 
0. 235 



[0112] mmm i v ] ±td,mmm 1 1 to^^. ^ 
»^sph, Pd, Ft, ptPhicoi^^T. mj^(Dmw 

1 7 (Ta ;ff^5nm) . R^mmt^ u ^ ~ h M . 



^ ' y±JfyMt L ' LUJi^^m ^mS 0 (NiMn;J?$3 
0 nm) . ^m^m4 0 (C o ; l?$ 1 0 n m) . 
180 (Ta;Jf$5nm) ^Hi^fc^SLT. t^f^f-V 

[0 113] R3i^l4^l:^n^- M<o»^4oiufMi? 

[0 1 1 4] ii-yT^/W'^S*^ 2 2 0^-5^Fp^(?5^*!1 

rnxwrnLtc. 

[0115] B^^rmm 4 ici.i^i-o 

[0 116] 
[«4l 



% 4 : N i Mn) 



rat- h/B 



ra*- KB 



Hua 

(08) 



Jk 



(arg/CTi* ) 



0 130 D.153 

Rh 1 177 0.208 

5 192 0.226 

10 188 0.221 



0 130 0.153 

Pd 1 170 0.200 

5 180 0.212 

10 177 0. 208 



0 130 0.153 , 

P t 1 170 . • 0.200* ' ■ 

5 173 0.203 

10 175 0.206 



D 130 0.153 

PtRh 1 166 0.195 

5 174 0.205 

10 177 0.208 
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ii^<e^J¥tt. 1~1 OnmT?te5r t-JSt?;^^^. 

mmiti'- 1 n m*« 1 7".? 2> t . mmoiisimmmii x 
[0117] mmm ^ ^wrw^^-csi^tc. n e tc 

^^ixSi 5)'i^tV/Vi':7' (sv) ^^ycom^W^ 

[0 118] *-f. ft|j]{v:;^fw^/W7'McoK^ffiK^!) 
*Mlrf^lliLfc, -r^Jiiylb. mmi 5 (AI2 O3 

1 T i C) <73±(C, Tifig 17 (Ta;ff$5n 
m) . R^mmt-^o^- hg 1 9 (P t ; Jl^ 5 n 
m) , f t UT(»S3SSSttJi 5 0 (P tMn ; 

1P$ 3 0 n m) . 4 0 (C o ; 1 0 n 

m). . #^tt^JSg3 0 (Cu ; JP$2. 5nm) . 
attf2 6 (NiFe ;S:$7nin) *5j:U5{SaS8 0 

(Ta ;'l?S5nm) LT«£«[*g5i^mS'v 

[0119] r cD^mSK^!)*^'---;/ Kl-f±. A 1 2 O 

[0126] z(Dmn.m.i7i^^m^-y hiat. meioi^ 



V- 1 


Ta 


Pt 


1.02 


V- 2 


Ta 


Rh 


0. 99 


V- 3 


Hf 


Rh 


0. 99 


V- 4 


Zr 


Rh 


0. 99 


V- 5 


Ti 


Rh 


0. 99 


V- 6 


Ta 


R9 


1.01 


V- 7 


Hf . 


R9 


,1.01 


V- B 


Ta 


Pd 


1.01 


V- 9 


Hf 


Pd 


1.01 


V-10 


Hf 


Pt 


1.02 


V-11 


Ta 


Cu 


0.94 


V-12 




Rh 


0. 99 


V-13 ♦ 


Ta 







^StC^Dtt^f-VT^/l/N o. V-2 (TifiS : T 

a; R^mmt^u^- : rh) t. ^y^/l^N 
o. V-12 (Ti&®:?iu, j^^mmty'^'e-h 

S:Rh) t. Itmi-y-f/l^No. V-13 (T*S : 
Ta, S3S^tt{b:/n^- hS : U <D^^y:fMc 

/K^S^^#Hua (T) Sr. 2 5t(7)^MlC:Joit?)S^ 



m^m^ms 2 Ot LTN i F e 1 0 nmicmf^ 

rcDig?effl*^^tt»5 2 OCO±(C. S3a^ttS8 0 
OirLTRus Rh^sMnao^ff ^ 1 0 nmiCJI^^U. 
r(^±tc, T a;i)^b/jr5Sffi?B5l 0 OSrJi^^t 

Tll,7(C^$tl§«^tO^ t^^^/VV-^ (SV) ^^T'cO 

(dM^^V. SiJS«M*rpii:E^;ii^offif^*[pitc5 0 0 
OeO^#^PnJpL?:^;iJb2 2 0 36^141 

m o 

[0121] mm.niTi^^m-^y V(d h y y^m\^ 2 m 
[0122] rcT^^MSfei^s^S-^y Ki^vy/wv- 1 

^fflV^-C. MRS^fb^ (MR ratio) ^ y Vtiitim 

[0 12 3] ro^^ffiSi^ss--^/ K-thv-y/uv- 1 

(MR ratio) ^oJ:t;--:y KtH;^mSray^ Lfco .S*^. 

[0 12 4] 
[SSI 



(mV) 





(111) 


7.8 


a.o 


(111) 


8.0 


3.2 


(111) 


8.2 


3.4 


(111) 


8.0 


3.1 " 


(111) 


8.1 


3.0 


(111) 


8.1 


3.3: 


(111) 


8.3 


3.5 


(11 1 ) 


8.0" 


3- 1 


( in ) : 


8.3 


3:3 


(111) 


. 7.9 ^ 


3.1 


(111) 


7.3 ^ 


2.8 


(111) 


7.2 - 


2.7 




6.2 


2.1 



^#Hua (25) {^M^^lt. Hua (T) /Hua (25) 

(1) XTT^tl. f-^y^'L-No. V-l2<Dyy 
yi^Bfi^^n^ (2) X^:^tl. f-^T^/^No. V-13 

(D^yy^mm^ (3) -e^$ti5o HIKcoftf^S^ 
{cibNt5^:yK (;^ t:''WVw>^IK) m.mt. 10 0~1 

(T) /Hua (25) OM:*^,, T^^ Sfctt 1 {CifiV^;^;^^^ 



« 5 (JSSattte* : P t M n (La =2. 72A) ) 



t>n No. Tifeig SStK^ £3i£S^ MR rat 
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mi Ko^yy^^mtiic. (1) vm^ 

o. V-3~f->7'>'I^No. V- 1 1 ^CO^^Tt>, 

T'/i'No. y-2bmm^^yy^W (i) l-ifiv^t.<^ 

[0 12 5] m^mv I ] ±iE^i^^jv(D^^ffista 



/wv- 1 i:lal^|;:UT;^t°y/^/U'y (sv) ^'-YT'wa 

Y^y^>\'V i - 1 ^rf^saufc, 

^^Sfet^SS-^f Kf-VT'/wV I - 1 SrfflV>T. MR 
^ft* (MR ratio) fciU'-^y Kttl;^«iISr?tmLfc t 
MR^{k*/!i56„ 3%, --^s/ KttJ:^a;lE3. Om 
V;i55|^$ixfc„ rro^y Fttl;'3j4, f>>'Vu 

[0 1 2 6 1 roBS^igfei^a;^^^-^-;/ Kf-.vy/WV I - 

(MR ratio) tsirZ-^s' Kffi;tl«JE?rflt^Lyto ^*5r 
Tia^ 6 \Z7^ Lfco 
[0 12 7] 
[^6] 



a 6 (igaSttfi : N ■ M n (La '2. 57 A) ) 



No. 










MR ratio 






hi 


LpAa 




(«) 


(tnV) 














VI- 1 


Ta 


Rh 


1.05 




6.3 


3-0 


VI- 2 


Hf 


Rh 


1.05 




6.4 


3.2 


VI- 3 


Zr 


Rh 


1.05 




6.2 


3.0 


VI- 4 


Ti 


Rh 


1.05 




6.4 


2.9 


VI- 5 


Ta 


Ir 


1.05 




61 


3.0 


VI- 6 


Hf 


Ir 


1.05 




6.2 


2.8 


VI- 7 


Ta 


Pt 


1.08 




6.6 


3.0 


VI- 8 


Ta 


Pd 


1.07 




5.8 


2.7 


VI- 9 


Hf 


Pd 


1.07 




6.0 


2;7 . ' 


VI-10 




Rh 


1.05 




5.7 


2.4 . 


VI-11* 


Ta 








5.0 


1.8 



^6(c*5(^-5iJ-V7'/UNo. VI-1 (T»S : 
Ta, S^aitft:/n^- hg : Rh) i, ^^ZflV^ 
o. V 1 - 1 6 (T«6g : faU ^m&mt-f'^^- h 
1 : Rh) Jt»f-V7°/WNo. VI-11 (T* 
1 : T a , S^«tt{b7"n*- M : t) 

lEgll l©^7 7i:|^fl|?S{a[p];i5ap5^^^ iJ-^T'-'UN 
o . VI-1 ;4S^mS^^#«?flai|^tt;i5ftt>»* Lv^ 
Cii:*s?S^t?tfc, f->-7°/wNo. Vl-2~ 

iJ-i^y/WNo. V I -9};:ol,^Tt>, f-^-T'yWN o. V 

I - 1 b^m^%mi^^m'^m^<r>'m.m>mmhi\. 
[0 12 8] ci^MvjjL) Ei8(c(4, nm^mmrn, 

5„ rrr-fi, fi£*:^:%< 6 0 0, 6 0 0<O-gi5 

lC^«9:^t^^>^. ^:©PB^(c^^lg^a;^)g2 QQtm 
V^«eii:Jl4 0 0*:frUTJI^^ig$nTV^5„ rcDSS^lgfii 

E2 0 0(c{4, 3— li'eoo, 6 0 o-ejf^^$n?) 



[0 12 9] C H^^JV I I n lil9(Cfi. *^W(-*3 

JE£:ffl L-fc 1 0lJd5^$tt5, ^^igfei^«ll2 0 0 (4, 
JtSK. ^5Sa*^£7 7 ^ Kg 7 0 0 , 7 1 0 

Ks 7 0 0 , 7 1 0 mmmm^^m^^TmrnL^^ 

m2 0 0(ce^-t-5„ *^tt^S:®4 0 Oi^^L 

T. 7 7 •;/ 5/ ^' KS 6 0 0 (^migfet^!)*^ 

2 0 OSriiofciSScoaSffii) tm^^^h. 7 
Kg6 0 0(4, ^^ttJfe^g4 0 0 
L-C^^S^Tl^b*!^ 2 0 0 Oi^fflaiC^fi ^ ix-C t a 

;'3*1f 5 r t d^-ct S i: icfes, 

[0 13 0] 

^i4S!4. CuAu- iSiOMlJ^^^lfiiSrtoMn-g^ 
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mit. (Ill) ig^iaiS]®(riai6]$^xT*j'). mibs 

(111) ^fBffiI^ffirt<0*S^^»LatC*f 
^Lp<7)H:Lp/La/!i5, 0. 9~1. l(7)«SHrt{c:J) 

[0131] ti^o-c, R^m\^m<ommim&i:^T't 

^^>\'-^Wm. m^Uit. MR^^t:^(MR Ratio)) 

[H 3 1 El 3 \t. *|ie^<Of^ffl S:|KBJ-t-2>fc*©<K{l:* 
[114 1 Ill4t4. *%B^CDftl(73|llgJl^^Sr*-r^5^ffim 

[0 5 ] E! 5 14, %mmmm.iim^w^^v Y(n-m 



[0 71 0 7(4, *^BJ(7)M-H./W-y?r^-r0-efe 

[08108 ^BeqwjK^s'^^*^^- («tt#s 

K) ^a-jJ'MMR^s/ K.»cj^;ffiLfcl^aJSr^f-S5€ 

[09109 }t. *^^(D8imS^Sb«lg^- (att^l 
K) ^77 y^:^if4 KSMR-^-y KdJ^^fflL/cl^SJ^ 
^-r- S|5€B&»ftS0T-&5o , ■ 

[0101 01 Ofis Xi^7°n 7 r-^'/KpSiJ^5"4- h 
CO— fi»J ^ 7 7 1? & 5 „ 

[0 1 1 1 0 1 1 14, sm^-e-ffi#<D?fia^'tt^*i-i/ 



1, 3 




2, 4 




1 5" 




17" 


Tmm 


19" 




2 0" 




3 0" 




4 0" 




5 O" 




8 0" 




9 0" 




9 3" 




1 5 0 


"•aMseta^M 


2 0 0 


"•a^sfeta^M 
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m3] 



[114] 



[HQ] 




I 



CO { QU i QE) 





^50 ] 




'50 




-50 




-40 1 




^^40 




-40 




-30 
-20 






-30' 




-30 








'20 




-20 




300 
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[07] 



[El 1 '0 ] 
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